In this paper, Lactobacillus casei growth, sugar utilisation, exopolysaccharides (EPSs) formation and EPSs characterisation during fermentation of milk with or without litchi juice were evaluated. During L. casei fermentation of litchi-milk samples, the EPSs content increased with the increase of litchi juice levels (0-25%, v/v), and the both relationship appeared in S-type curve. The viscosity of fermented milk also significantly increased with the formation of EPSs, and which positively correlated with the EPSs content (R 2 = 0.9782). The EPSs from the fermented litchi-milk samples was isolated for further structural characterisation. Monosaccharide and molecular weight analysis of purified EPSs sample proved that it contained no carbohydrate other than glucose, and its molecular weight was calibrated as 3.03 9 10 6 Da. FT-IR and NMR ( 1 H and 13 C) spectroscopy analysis confirmed the synthesised EPSs sample was a-glucans (dextrans) with mainly a-(1?6) linkages. To the best of our knowledge, this is the first study to report that litchi juice can enhance the EPSs (dextrans, mainly a-(1?6) linkages) production in fermented milk.
Introduction
Fermented milk with lactic acid-producing bacteria such as Lactobacillus casei has high consumer popularity, and potential health and nutritional benefits. These include improving of lactose digestion, and inhibition of intestinal infections, some types of cancer and serum cholesterol levels (Song & Aryana, 2014) . Presently, fermented milk added with fruits, especially those fruits with more polyphenols, gain positive consumer perception(Esp ırito- Santo et al., 2013; Chaikham, 2015; Arrega et al., 2016) . These natural fruit polyphenols possess potential health-promoting properties; for example, they act as antioxidants, increase peripheral blood flow and reduce muscle fatigue (Singh & Muthukumarappan, 2008; Esp ırito-Santo et al., 2012; Sun-Waterhouse et al., 2013) .
Litchi (Litchi chinensis Sonn.) is a tropical to subtropical fruit of high commercial value in international trade. Apart from being consumed fresh, litchi fruit is also processed into juice, canned and dried. Litchi juice has a milky white colour, good aroma and abundant polyphenols (Yu et al., 2014) ; therefore, the addition of litchi juice to fermented milk may be acceptable to consumers.
The textural attributes and physical stability of fermented milk (yogurt) are mainly evaluated as firmness on the spoon and in the mouth, visual and oral viscosity, the smoothness and shininess of the surface, creaminess and mouth thickness (Buldo et al., 2016) . The textural properties and physical stability of yogurt can be enhanced by fortifying the milk before fermentation with ingredients such as milk proteins. Alternatively, the use of stabilisers such as gelatin, starch or other hydrocolloids, which improve the functional properties, can be added, but they can also result in off-flavours in the final product (Ale et al., 2016; Buldo et al., 2016) .
Many food-grade microorganisms including lactic acid bacteria (LAB) are known to synthesise exopolysaccharides (EPSs). EPSs are classified as homopolysaccharides, which contain a single type of monosaccharide, and heteropolysaccharides, which comprise repeating units of different monosaccharides (Badel et al., 2011) . EPSs from LAB have been widely used in the dairy industry, mainly when they are produced in situ during fermentation. EPSs improve emulsifying and thickening properties, reduce syneresis and increase firmness (Dabour et al., 2006) . Apart from the technofunctional relevance, there is increasing evidence that EPSs in fermented milk exert a positive impact on human health (Badel et al., 2011) . Presently, consumers are moving towards products that contain fewer additives, and there has thus been research focus on the in situ production of EPSs produced by LAB (Ale et al., 2016) .
The aim of the present study was to evaluate the effect of litchi on the EPSs production in fermented milk fermented by L. casei. Thus, L. casei growth, sugar utilisation, EPSs formation and EPSs characterisation during fermentation of milk with and without litchi juice were analysed herein.
Materials and methods

Lactobacillus casei cultures
The Lactobacillus casei (GIM1.204) strain used in yogurt processing was obtained from the Guangdong Culture Collection Center of China. It was activated to the stationary phase in MRS broth (Guangzhou Huankai Microbiological Science & Technology Co. Ltd., Guangdong, China) and used for further inoculation.
Preparation and fermentation of litchi-milk mixture
Pasteurised clear litchi juice (cv. Huaizhi) was presented by Guangdong Bosun Health Food Co. Ltd., Guangdong, China, which containing 66.3 g L À1 of fructose, 64.4 g L À1 of glucose and 28.8 g L À1 of sucrose. Pasteurised whole cow's milk was purchased from a supermarket, which containing 1.2 g L À1 of fructose, 2.7 g L À1 of glucose and 34.8 g L À1 of lactose.
In this study, milk was mixed with various levels (0, 1%, 5%, 10%, 15%, 20% and 25%, v/v) of litchi juice, and the formulation of sugars in the various levels of litchi-milk mixture was readjusted to 17.5 g L À1 of fructose, 18 g L À1 of glucose, 30 g L
À1
of sucrose and 34.8 g L À1 of lactose by adding the respective sugar to the mixture. The pH of litchi-milk mixture was also readjusted to 6.2 using 0.1 M NaOH solution. The litchi-milk mixture was heated at 95°C for 2 min, and then inoculated with L. casei to yield an initial concentration of 6.0 log CFU mL À1 after cooling to room temperature. The inoculated samples were incubated at 30°C and taken out at 6 h intervals for further assay.
Enumeration of L. casei in samples
The viable cells of LAB in samples were determined by the standard pour plate methods using MRS agar (Yu et al., 2015) . Each test was performed in duplicate, and the results were expressed in Log CFU mL À1 .
HPLC analysis of sugars in samples
Sample (0.5 mL) was mixed with 1.0 mL of proof ethanol, and then centrifuged at 10 0009 g for 5 min. The sediment was extracted with 1 mL of 75% (v/v) of alcohol one times, and these supernatants were pooled to a total volume of 2.5 mL for further analyses. Sugars in the supernatants were determined via HPLC analysis as described by Yu et al. (2014) . Quantification was based on the calibration curve generated with fructose, glucose, sucrose or lactose standard solutions.
Determination of viscosity
Viscosity was measured with a Rotational Rheometer (AR1500ex, TA Instruments Ltd., USA) equipped with a 60 mm 2°steel cone at 4°C. Flow curves were obtained in shear rate range from 1 to 150 s À1 , and the shear rate was set as 30 s À1 .
Determination of EPSs content
The EPSs content in the sample was determined using trichloroacetic acid and phenol-sulphuric acid methods as described by Yu et al. (2014) , and expressed as glucose equivalent g L À1 of sample (Wu et al., 2007) . A, respectively) was used to determine the molecular weight of EPSs. Each EPSs sample was dissolved in eluent (50 mmol L À1 Na 2 SO 4 solution) and the filtered using a 0.45-lm membrane filter. The flow rate was 0.6 mL min À1 and the injection volume was 25 lL. Dextran standard with different molecular weight (American Poly Standards Corporation, Mentor, OH, USA) was used to calibrate the average molecular weight of the EPSs sample.
Purification of EPSs
Litchi-milk samples (with 20% of litchi juice) fermented with L. casei for 12 h were removed proteins and cell using trichloroacetic acid, and then mixed with two volumes of chilled proofed ethanol. Precipitated pellets (EPSs) were resuspended in water and separated on a Sephacry TM S-400 column (2.5 9 25 cm) with deionised water as an eluent and monitored by the absorbance of phenol-sulphuric acid methods for the determination of EPSs content (Yu et al., 2015) . EPSs fractions were collected, concentrated and lyophilised for further analysis.
NMR spectroscopy of EPSs
Freeze-drying EPSs sample was dissolved in 99.99% D 2 O. 1 H and 13 C spectra were recorded at 30°C using NMR spectrometers (Bruker AVANCE III HD 600, Berlin, Germany). Spectra were assigned with the help of a TOPSPIN 3.2 program (Bruker Corp., Berlin, Germany).
Monosaccharide analysis of EPSs
Hydrolysis of EPSs sample was performed with 2 M trifluoroacetic acid (120°C, 2 h) and the monosaccharides were reduced with NaBH 4 , neutralised, acetylated as described by Wang et al. (2017) and then analysed by GC-MS as described by Sun et al. (2015) .
Fourier-transform infrared spectrometric (FT-IR) analysis of EPSs
The freeze-dried EPSs sample was ground with potassium bromide powder and pressed into pellets for FT-IR measurement. The FT-IR spectrum of the EPSs sample was recorded in the frequency range of 4000-400 cm À1 (Bruker VERTEX 33, Berlin, Germany).
Statistical analysis
One-way analysis of variance was accomplished with SPSS Statistics 19.0 (IBM Co., New York, USA) software. Duncan's multiple range tests were used to determine statistically significant differences of variables at the 95% confidence interval. The results obtained were presented as mean values with standard deviation.
Results and discussion
Effect of litchi juice on the EPSs formation, growth and sugar utilisation of L. casei in the milk
The litchi-milk samples adding with various litchi juice levels showed significantly difference (P < 0.05) in the EPSs content after 24 h of fermentation with L. casei (Fig. 1) . The EPSs content increased with the increase of litchi juice levels, and the both relationship appeared in S-type curve (Fig. 1) . The EPSs content showed slowly increase as the litchi juice level increased to 15-20%. The EPSs in fermented milk are known to augment the final viscosity/mouth feel, ropiness and smoothness, and to reduce syneresis (Buldo et al., 2016) . In this study, the viscosity of fermented milk also significantly increased with the formation of EPSs, and which positively correlated with the EPSs content. It was reported that EPSs produced by Lactobacilli had an indirect role, not only on yogurt rheology, but also in the health benefits for the consumer (Badel et al., 2011; Yang et al., 2014) . EPSs formation during the yogurt processing can improve the texture perception of the final product by consumers and also avoid the reliance on stabilisers, which are forbidden in many countries (Badel et al., 2011; Buldo et al., 2016) . In this study, the viscosity of fermented milk also significantly increased with the formation of EPSs, and which positively correlated with the EPSs content (R 2 = 0.9782), and it was found that fermented milk added with litchi juice was acceptable to consumers on the basis of food organoleptic evaluation carried out by the local dairy enterprises.
As showed in the Fig. 2 , the viable cells amount of lactic acid bacteria in fermented milk added with litchi juice showed a slight increase (P < 0.05) in the first 6 h of fermentation, reflecting litchi juice may have enhance effect on the growth of L. casei in the milk. Lactic acid was the main metabolites related to the growth rate of lactic acid bacteria, and lactic acid production will cause pH decease (Teusink & Molenaar, 2017) . In the study, it was also observed that the pH descent rate of litchi-milk sample was significantly faster than milk during L. casei fermentation (Fig. 3) . The L. casei growth stimulation by litchi juice may be related to litchi oligosaccharides, which will be evaluated in further study (Ruiz et al., 2017) .
During fermentation of milk samples added with or without litchi juice, glucose content showed a linear downward tendency (P < 0.05) (Fig. 4b) , and no significant decrease (P > 0.05) of lactose was observed in fermented milk samples (Fig. 4c) . Compared with milk not added with litchi juice, in milk samples added with litchi juice was very faster, in which no sucrose was detected after 12-h fermentation (Fig. 4c) . By contrast, the fructose content in sample with or without litchi juice linearly increased (P < 0.05) during fermentation. The increase value in the sample with litchi juice also was Wavenumbers (cm-1) Figure 6 FT-IR and NMR spectroscopic analysis of the purified exopolysaccharides (EPSs). [Colour figure can be viewed at wileyonlinelibrary.com] significantly higher (P < 0.05) than in sample without litchi juice, which showed a peak value after 12 h of fermentation (Fig. 4a) . The fructose increase may be resulted in by the glucansucrases hydrolysis of sucrose (Leemhuis et al., 2013) . Glucansucrases catalyse two reactions: (i) sucrose hydrolysis, where glucose becomes the new substrate and (ii) transfer of glucosyl on carbohydrate or non-carbohydrate compounds (Badel et al., 2011) . In the presence of sucrose, some lactic acid bacteria such as Lactobacillus, Leuconostoc, Streptococcus and Weissella, were able to produce glucansucrases enzymes to synthesis a-glucans (EPSs), increasing the viscosity of liquid systems (Leemhuis et al., 2013) . Meanwhile, in the study, the EPSs content and viscosity in the samples added with litchi juice received a highest value after 12-h fermentation, and the increase value was three times higher as compared with samples not added litchi juice after 24-h fermentation (Fig. 5) , indicating some compounds in the litchi juice may increase the expression amount or its activity of glucansucrases (Badel et al., 2011; Leemhuis et al., 2013) .
Characterisation of synthesised EPSs
The EPSs from litchi-milk samples (with 20% of litchi juice) fermented with L. casei for 12 h was isolated for further structural characterisation. Monosaccharide analysis of purified EPSs samples proved that the purified samples contained no carbohydrates other than glucose. Only one major peak was observed in the analysis of Waters ACQUITY Advanced Polymer Chromatography System for the molecular weight of purified EPSs sample, and the molecular weight was calibrated as 3.03 9 10 6 Da. An FT-IR spectrum of the purified EPSs sample is presented in Fig. 6 . It shows bands in the 950-1200 cm À1 region, which is a typical fingerprint region for all polysaccharides (Shingel, 2002; Cerna et al., 2003) . The bands at 3414 and 2926 cm À1 represent hydroxyl-stretching vibration and C-H stretching vibration of the polysaccharide, respectively. The transmission peak at 904.9 cm À1 is a characteristic peak for the a-glycosidic bond. The band at 1157.6 cm À1 is assigned to valent vibrations of the C-O-C bond and a glycosidic bridge (Shingel, 2002; Cao et al., 2006) . The FT-IR spectrum data and previous monosaccharide analysis could conclude that the purified EPSs sample is a-glucans (dextrans) (Leemhuis et al., 2013) .
The 1 H spectrum of the purified EPSs sample (Fig. 7) showed typical main chain a-(1?6)-linked glucopyranosyl residues with an anomeric signal centred at 4.97 ppm was present in the purified EPSs samples (Maina et al., 2008; Ahmed et al., 2012; Shukla et al., 2014 ). An additional low intensity anomeric proton signal at 5.23 ppm (Fig. 6 ) was also observed in the spectrum, which indicated that a-(1?3)-linked branches may exist in the purified EPSs sample (Maina et al., 2008; Shukla et al., 2014) . The relative intensities of the anomeric signals at 4.97 and 5.32 ppm were 98% and 2%, respectively, indicating the relatively low branching degrees in the purified EPSs sample (Shukla et al., 2014) .
13 C NMR spectroscopy has been used to study the structure of a series of dextrans. Dextrans have typical 13 C anomeric signals (C-1), downfield at about 90 ppm, which is characteristic of anomeric carbon C-1 involved in a glycosidic linkage. The chemical shifts for C-2, C-3, C-4 and C-5 appear in the 70-75 ppm region, and C-6 is normally upfield at approximately 60 ppm (Seymour et al., 1976) . Aside from the anomeric signals, five 13 C NMR resonances at 73.3, 71.3, 70.1, 69.5 and 65 .4 ppm were also observed (Fig. 6 ), which were assigned to the a-(1?6)- Figure 7 NMR spectroscopic analysis of the purified exopolysaccharides (EPSs), (a) linked residues in the main chains. NMR spectroscopy analyses of similar dextrans were reported by Shukla (2014). The NMR spectroscopy data further confirmed that the purified EPSs sample in the study is a-glucans (dextrans) with mainly a-(1?6) linkages (Leemhuis et al., 2013; Vuillemin et al., 2018) .
Conclusion
According to the results discussed above, it can be concluded that litchi juice can enhance the EPSs (dextrans, mainly a-(1?6) linkages) production of fermented milk with L. casei. The EPSs is essential for proper consistency and texture of fermented milk products. The viscosity of fermented milk also significantly increased with the formation of EPSs in the study, and which positively correlated with the EPSs content. Adding litchi juice to milk can increase the in situ production of EPSs during milk fermentation with L. casei. Litchi juice has milky white colour, good aroma and abundant polyphenols. Therefore, it is also attractive to focus on the research of EPSs synthesis and changes in texture and microstructure during Lactobacillus fermentation of a litchi-milk mixture.
